Abstract : Background : It was reported that hamstring muscle tightness may increase mechanical loading on the lumbar spine. Therefore, we attempt to decrease tightness in the leg muscles in pediatric patients. Methods : Forty-six pediatric patients with spondylolysis underwent rehabilitation. We applied active stretching to the hamstrings, quadriceps, and triceps surae. Tightness in each muscle was graded as good, fair, or poor. We educated each patient on how to perform active stretching at home. They were re-evaluated for muscle tightness 2 months later. Results : Tightness at baseline and after 2 months was as follows : for the hamstrings, good in 3 patients, fair in 9, and poor in 34 and significant improved after 2 months (p 0.05), with improvement by least 1 grade seen in 86% % of patients with fair or poor at baseline ; for the quadriceps, 7, 3, and 30 patients had good, fair and poor, with significant improvements in 72% % (p 0.05). For the triceps surae, 6, 3 and 10 patients had good, fair and poor, which improved significantly (p 0.05). Conclusion : Home-based active stretching was effective for relieving muscle tightness in the leg in a pediatric population. Adolescent athletes should perform such exercise to maintain flexibility and prevent lumbar disorders.
INTRODUCTION
Athletes in the pediatric age group are at risk of developing disorders of the lumbar spine caused by mechanical loading. Pars fracture, also known as lumbar spondylolysis, is the most prevalent disorder at this anatomic site in children and adolescents (1) (2) (3) , as well as the apophyseal ring fracture (4, 5) . The pathogenesis of lumbar spondylolysis and apophyseal ring fracture is reported to involve stress fracture (6, 7) or avulsion fracture (4, 5) , indicating that these disorders are caused by mechanical loading at the lumbar spine.
Several studies have reported general risk factors for lumbar spondylolysis, including high body mass index and cigarette smoking. Tight hamstring and/or quadriceps muscles have also been reported to be risk factors for the disorder (8) . Thus, it is reasonable to assume that maintaining flexible hamstrings is important for preventing low back pain. According to the joint-by -joint theory proposed by Cook, the lumbar spine provides stability while the hip and ankle provide mobility (9, 10) . Therefore, we focus on mobilization of the hip and ankle joint for in the treatment of patients with low back pain.
Sairyo et al. reported that jack-knife stretching is a very effective form of active stretching to improve flexibility in patients with tight hamstrings (11) . This type of stretching utilizes reciprocal inhibition via contraction of the antagonist muscle (12) . Taking the jointby-joint theory into account, we hypothesized that mobilization of the hip and ankle joint would be very important for pediatric athletes.
In this study, we trained pediatric patients to perform homebased active stretching of the hamstring, quadriceps, and triceps surae muscle groups and evaluated the effects of the stretching regimen 2 months later.
METHODS

Subjects
Forty -six pediatric patients (41 boys, 5 girls ; mean age, 13.7! 2.4 years ; mean height, 161.5!16.2 cm ; mean weight, 53.3!13.8 kg) received conservative treatment. All patients were active participants in sports, predominantly baseball (n= 15), soccer (n= 11), and basketball (n= 5). The diagnosis was lumbar spondylolysis in all cases : unilateral in 19 and bilateral in 27. Their stage of the spondylolysis was the terminal stage. After confirming that all patients were receiving adequate pain relief, the following stretching program was implemented to alleviate tightness of 3 muscle groups in the leg.
Evaluation of muscle tightness
We graded tightness of the 3 muscle groups as good, fair, or poor at baseline and re -evaluated after 2 months of the stretching regimen ( Figure 1 ). This grading method is arbitrary and imprecise but can be performed rapidly. Specifically, we graded muscle tightness as follows.
Hamstrings : Patients were asked to bend the trunk forward from a standing position as far as possible. Muscle tightness was rated as good when patients could touch the floor with the palms, fair when they could touch the floor with the fingertips, and poor when they could not touch the floor at all.
Quadriceps : Patients were asked to bend each knee joint as far as possible while in the prone position, aiming to contact the buttock with the heel. Muscle tightness was graded as good when the heel could make contact with the buttock, fair when the final distance between the heel and buttock was equivalent to that of one fist, or poor when the final distance was more than one fist. Evaluation was performed for each side separately, and we took the worse ORIGINAL Active stretching for lower extremity muscle tightness in pediatric patients with lumbar spondylolysis
Masahiro Sato (1) , Yasuyoshi Mase (1) , and Koichi Sairyo (2) 1) side as the patients' tightness. Triceps surae : Patients were asked to squat with their heels in contact with the floor. Muscle tightness was graded as good when they could squat completely while clasping both arms behind the back, fair when they could squat completely with the arms held in front, and poor when they could not squat completely even with the arms held in front.
Training regimen
On the first day of the study, one of our physical therapists educated the patients on how to perform active stretching exercises for the hamstrings, quadriceps and triceps surae. Active stretching was performed for about 10 s for each muscle group at a time. The exercises were repeated 5 times daily. Reciprocal inhibition of active stretching was achieved by contraction of the hamstring, gluteus maximus, and tibialis anterior muscles when stretching the quadriceps, hamstrings and triceps surae, respectively. The patients attended rehabilitation once a week so that the therapists could confirm that the stretching exercises were being performed correctly. 
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Statistical analysis
Data were collected at baseline and after performing the stretching regimen for 2 months and compared using the chi-square test. P values less than 0.05 were taken as significant.
RESULTS
The results are shown in Figure 3 . Tightness in the hamstring muscles was graded as good in 3 patients, fair in 9, and poor in 34 at baseline and improved significantly to good in 17, fair in 24, and poor in 8 at re -evaluation after 2 months of stretching exercises (p!0.05). Improvement by least 1 grade was seen in 86% of patients with fair or poor tightness at baseline. Tightness in the quadriceps muscles was graded as good in 7 patients, fair in 3, and poor in 30 at baseline and also improved significantly to good in 20, fair in 12, and poor in 8 after 2 months (p!0.05). Improvement by least 1 grade was seen in 72% of patients with fair or poor tightness at baseline. Tightness in the triceps surae muscles was graded as good in 6 patients, fair in 3, and poor in 10 at baseline and as good in 10, fair in 1, and poor in 8 after 2 months. Again, the improvement was significant (p!0.05).
DISCUSSION
In this paper, we describe the effects of active stretching on the hamstring, quadriceps, and triceps surae muscles in pediatric patients (aged!18 years) with lumbar spondylolysis. We found significant improvements after 2 months of a home -based active stretching regimen (p!0.05). It has been reported that low back pain may be related to muscle tightness in the lower extremities (8) . Our active stretching regimen was very effective for improving the flexibility of these muscles, so it may be an effective strategy for the prevention of low back pain in pediatric patients.
According to the joint-by -joint theory proposed by Cook (9, 10), the lumbar spine would be categorized as a stability joint. The thoracic spine and hip and knee joints would be regarded as mobility joints. Therefore, stability of the lumbar spine and mobility of the hip and ankle joints would be important in the prevention of low back pain. Ota et al. (13) reported that exercise targeting the core abdominal muscles to stabilize the lumbar spine can ameliorate low back pain, which is consistent with the joint-by -joint theory (9, 10).
Hasebe et al. (14) reported that flexibility of the hamstrings is closely related to lumbopelvic rhythm. They found that movement of the lumbar spine was dominant during lumbar flexion in subjects with tight hamstrings, which may cause low back pain related to mechanical stress. However, movement of the hip and pelvis was dominant in subjects with flexible hamstrings when bending the trunk forward. Therefore, they considered flexible hamstrings to be important for the prevention of low back pain. Their report is also somewhat consistent with the joint-by-joint theory (9, 10) . With this in mind, we have been using a rehabilitation protocol of mobilization and stabilization for pediatric patients with low back pain.
The participants in this study were pediatric patients with lumbar spondylolysis, which in most cases would be attributable to mechanical stress (6, 7) . Therefore, our strategy of maintaining a good degree of flexibility of the mobile joints, such as the hip and ankle, could augment the core muscle strengthening exercises used to maintain stability of the lumbar spine (9, 10) .
In a recent study by Sakai et al. (15) reporting the results of conservative treatment in 63 pediatric patients with lumbar spondylolysis, pars stress fractures were found to recur in 26.1% of pediatric patients in whom bony healing had been achieved with conservative treatment, and the recurrence rate decreased when their patients performed stretching exercises to reduce muscle tightness in the lower extremities. Taken together with our findings, active stretching of muscle groups designed to improve flexibility in the leg could be important for prevention of stress-induced lumbar disorders in children and adolescents. We believe that our homebased active stretching program is useful for improving the flexibility of joints responsible for mobility, in particular the hip and ankle. Active stretching of the hamstring, quadriceps, and triceps surae muscle groups may be beneficial for preventing low back pain in the pediatric population.
In this study, all cases had the lumbar spondylolysis at the terminal stage. Thus, it was not difficult to perform this type of stretching at home. Clinically, we have been treating patients with any stage of the lumbar spondylolysis. According to the strategy for the conservative treatment (1 -3, 15) , patients having the early stage of the disorder would need to wear a hard brace to achieve a bony healing at least for three months. For such cases, first of all, the main purpose of the treatment would be pain control. After the pain disappears, they start to perform the stretching. The hard brace we use (1, 15) does not bother hip motion. Thus, with wearing the brace, they can perform the stretching. One of the limitations of this study would be the method to evaluate the rigidity of the muscles as shown in Figure 1 . The method is not precise. It may be better and more precise, if we measure some distance indicating the rigidity. On the other hand, merit of this method is to be easy to evaluate even in a very busy out-patient clinic. To screen if the patients have the rigidity or not, this method would be very effective. We would like to recommend this evaluating method in a very busy out-patient clinic as a screening.
We suggest that surgeons pay attention to tightness of muscles in the region of mobility joints, particularly the hip and ankle, in pediatric patients with low back pain in addition to treating the underlying lumbar pathology. Active stretching with reciprocal inhibition may be highly effective for improving the flexibility of these joints. 
